flow cytometry (Supplementary Fig. 13 ) and fluorescence microscopy ( Supplementary Fig. 12 ). We chose a C 11 -PEG-COOH as a passivating ligand for subsequent experiments as it is a commercially available reagent that may provide extra stability to the PEG-QD interaction by forming a hydrophobic shell internal to the PEG functionality. All mQDs wrapped with ptDNA used in experiments were passivated with PEG. For biological experiments involving live cells the mQDs were further passivated with either BSA or casein ( Supplementary   Fig 7) .
Determination of QD valency via agarose gel electrophoresis:
QDs were coated with mPEG-SH during-phase-transfer and were neutrally charged. DNA attachment to the QDs results in significant increase of the particle charge density accompanying slight increase of their hydrodynamic size (Fig. 1e, Supplementary reference 1) . Thus, in a low percentage agarose gel (< 1%) where the size-sieving effect is minimized, QD-DNA conjugates migrate further as the number of attached DNA molecules increases. This principle has been shown to be effective to isolate nanoparticles (e.g. Au, QDs) bearing different numbers of oligonucleotides, particularly for small nanoparticles (<25 nm) in their hydrodynamic size [see reference 8 in main text]. We employed this method in determining the valency of QDs after DNA conjugation. Note that the hydrodynamic size of QDs coated with mPEG-SH (10 nm) used for this study is significantly smaller than that of QDs (22 nm) used in previous study reporting successful agarose gel electrophoretic isolation of QD-DNAs with similar DNA length (50-100 mer) [see reference 8 in main text], and thus better separation resolution between QD bearing different numbers of DNAs is expected.
Specificity of pt-DNA wrapped mQDs and Streptavidin QDots:
The Au nanoparticle hybridization and SNAP diffusion studies are valid only when non-specific interactions of QDs to the target are negligible. To validate that QD-Au nanoparticle dimers were assembled through specific interactions, we carried out control experiments with nanoparticles lacking specific targeting functionality. Both ptDNA-wrapped mQDs and Streptavidin QDots showed new bands corresponding the hybridized products in agarose gel electrophoresis only in the presence of targeting functionality (Supplementary Fig. 14) , indicating the interactions between QDs and Au nanoparticles were specific. Similarly, these QDs also showed excellent specificity to SNAP proteins. Both electrophoretic analyses (Supplementary Fig. 17 ) and TIRF imaging (Supplementary Fig. 18 ) showed no noticeable non-specific interactions of QDs to SNAP proteins or to supported lipid bilayers. For ttDNA, significant amounts of unlabeled and multivalent products were produced along with desired monovalent QDs at any given concentrations (a). In contrast, QDs treated with ptDNA were converted to monovalent QDs exclusively at stoichiometric or higher ptDNA ratios. (b). To provide a more accurate analysis of the yield of monovalent QDs extracted from these images, we performed multi-peak fitting of the gel band intensities to Gaussians (c). We found that a quadruple Gaussian provides the best fit with a minimum residual, with individual Gaussians corresponding to unlabeled, monovalent, divalent and higher valent species. Using this method, we estimate a minimum yield of the monovalent species of 99%. In contrast, the ttDNA gel trace reveals a maximum yield of monovalent species of 39% at a 30:1 ttDNA to QD ratio using the same quadruple DNA at one-to-one stoichiometric ratio (a).
Sequences comprising polyadenosine ptDNA (poly-A S ) had the strongest binding to the QDs when compared to poly-T S , poly-C S , and phosphodiester poly-A sequences. Only A S 50 -m1 treated QDs produced mQDs quatitatively while poly-T S and poly-C S sequences generated mQDs at lower than 10 % yield under identical conditions, indicating that the adenine base also contributes to the interaction with the nanoparticle surface.
poly-adenosine phospohates (A 50 -m1) or hybridization sequences ((CT) 10 (ACTG) 5 ) comprising phosphodiester linkages exhibited very weak (2 %) or no affinity to QDs, respectively. These data indicate that both the phosphorothioate group and the DNA bases contribute to the interaction with the nanoparticle surface. We were unable to characterize polyguanosine phosphodiester or phosphorothioate sequences due to competing secondary structures that confounded purification by HPLC and analysis by agarose gel electrophoresis. 
